A Gram-stain-negative, rod-shaped, slightly curved, non-spore-forming strain, designated SW028 T , was isolated from surface seawater (268 299 S 1378 569 W) of the South Pacific Gyre during the Integrated Ocean Drilling Program Expedition 329.Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain SW028 T belonged to the genus Arcobacter and it showed the highest sequence similarity with Arcobacter molluscorum LMG 25693 T (95.50 %). The dominant fatty acids of strain SW028 T were C 18 : 1 v7c, C 16 : 1 v7c and C 16 : 0 . The only respiratory quinone detected was menaquinone-6.The major polar lipids were phosphatidylglycerol, phosphatidylethanolamine and an unidentified phospholipid. The DNA G+C content was 27.1 mol%. The phylogenetic position of the novel strain was further confirmed by analysis of the housekeeping genes rpoB, gyrB and atpA. On the basis of phenotypic, chemotaxonomic and phylogenetic analyses, strain SW028 T represents a novel species of the genus Arcobacter, for which the name Arcobacter pacificus is proposed. The type strain is SW028 T
The genus Arcobacter was first proposed by Vandamme et al. (1991) and it belongs to the family Campylobacteraceae, which also contains the genera Campylobacter and Sulfurospirillum (Vandamme et al., 2005) . At the time of writing, the genus comprises 20 recognized species, and an autotrophic, obligately microaerophilic, sulfide-oxidizing bacteria named 'Candidatus Arcobacter sulfidicus' of marine origin was described in 2002 as a possible additional novel taxon (Wirsen et al., 2002) . Five species have been described in two years: Arcobacter anaerophilus (Sasi Jyothsna et al., 2013) , Arcobacter aquimarinus (Levican et al., 2014) , Arcobacter cloacae (Levican et al., 2013) , Arcobacter ebronensis (Levican et al., 2014) and Arcobacter suis (Levican et al., 2013) . Most members of the genus Arcobacter were isolated from animals sources like the skin of a broiler carcass (Houf et al., 2005) , livestock (Neill et al., 1985; Vandamme et al., 1992; Houf et al., 2009; De Smet et al., 2011) and shellfish (Levican et al., 2012; Figueras et al., 2011a, b; Collado et al., 2009; Levican et al., 2014) and some were from environmental samples like estuarine sediment (Sasi Jyothsna et al., 2013) , sewage samples (Collado et al., 2011; Levican et al., 2013) , a hypersaline lagoon (Donachie et al., 2005) and a mix of seawater, seaweed and a starfish (Kim et al., 2010) . A novel bacterial strain, designated SW028 T , was isolated from surface seawater of the South Pacific Gyre at station U1367 (268 299 S 1378 569 W) during the Integrated Ocean Drilling Program Expedition 329. The aim of the present study was to determine the exact taxonomic position of strain SW028 T using a polyphasic taxonomic approach.
Seawater samples were spread on marine agar 2216 (MA; Becton Dickinson) plates and incubated at 28 8C for 5 days. Strain SW028 T was purified by streaking three times on MA. Cultures were maintained on MA plates at 28 8C, and stocks were preserved in sterile 0.85 % (w/v) saline supplemented with glycerol at a final concentration of 15 % (v/v) at 280 8C. Arcobacter bivalviorum LMG 26154 T , Arcobacter nitrofigilis LMG 7604 T , Arcobacter molluscorum LMG 25693 T and Arcobacter defluvii LMG 25694 T were selected as reference strains and evaluated together under identical experimental conditions to those for strain SW028 T .
Cell morphology, Gram staining, flagellum staining and anaerobic growth were investigated according to the methods of Yu et al. (2014) . NaCl tolerance was determined on synthetic marine ZoBell broth (5 g peptone, 1 g yeast extract and 0.1 g FePO4 in 1 l water) that was prepared with modified artificial seawater and contained 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 7.5, 8, 9, 10, 11 and 12 % (w/v) 3These authors contributed equally to this work.
NaCl. In the modified artificial seawater (Lyman & Fleming, 1940) , all of the Na + was replaced by appropriate K + . The pH range for growth was determined in marine broth 2216 (MB; BD) that was adjusted to pH values between 2.0 and 11.0 (at intervals of 1 pH unit) using the buffers described by Yu et al. (2014) . The temperature range for growth was tested on MA at 4, 15, 28, 30, 37, 42 and 45 8C for 7 days, and 0 8C for 30 days. Growth at different pH and NaCl concentrations was measured by monitoring changes in OD 590 over time. Spore staining was conducted using the method of Schaeffer & Fulton (1933) . Anaerobic and microaerobic growth were checked on MA. Microaerobic growth was tested in a candle jar for 3 days at 37 8C (Gerhardt et al., 1981) .
Phenotypic characterizations including catalase and oxidase activities, hydrolysis of starch, casein, gelatin and urea, nitrate reductase activity and H 2 S production were performed according to the methods of Yu et al. (2014) . Hydrolysis of indoxyl acetate was determined according to the protocol of Popovic-Uroic et al. (1990) . API 20E, API 20NE and API ZYM kits (bioMérieux), with incubation at 37 8C for 48 h, 48 h and 4 h, respectively, were used to explore other characteristics and enzyme activities of strain SW028 T . Acid production from carbohydrates and the oxidation of different carbon sources were assessed using API 50CH kits (bioMérieux) and GN2 MicroPlates (Biolog) according to the manufacturers' instructions except that sterile seawater was used to prepare the inocula. Details of the morphological, physiological and biochemical characteristics of strain SW028 T are given in the species description and in Table 1 (a transmission electron micrograph is available as Fig. S1 in the online Supplementary Material).
For cellular fatty acid analysis, cell mass of strain SW028 T and the reference strains was harvested at 28 8C when growth of the bacterial communities reached the exponential stage by choice of sector from a quadrant streak on the plate. Fatty acid methyl esters were obtained by saponification, methylation, and extraction according to the standard protocol described in the Sherlock System (MIDI) (Sasser, 1990) with Sherlock version 6.00 and the included database. The major respiratory quinones were extracted with chloroform/methanol (2 : 1, v/v), separated by TLC and identified by HPLC as described by Collins (1994) . Polar lipids were analysed by using standard procedures (Minnikin et al., 1984) . Extracted lipids were separated by two-dimensional TLC and identified by spraying with appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) . The G+C content of the chromosomal DNA was determined according to the methods described by Mesbah & Whitman (1989) using a reverse-phase HPLC.
The cellular fatty acid profile of strain SW028 T and the reference strains are given in Table 2 . The dominant fatty acids (.10 % of total fatty acids) of strain SW028 T were C 18 : 1 v7c (25.8 %), C 16 : 1 v7c (12.5 %) and C 16 : 0 (37.1 %). The polar lipid composition of strain SW028 T was phosphatidylglycerol, phosphatidylethanolamine and an unidentified phospholipid (Fig. S2 ). The genomic DNA G+C content of strain SW028 T was 27.1 mol%. The strain had MK-6 as the only respiratory quinone detected.
In order to confirm the genus affiliation of the new isolate, the 16S rRNA gene and the housekeeping genes rpoB, gyrB and atpA were amplified, sequenced and analysed as described by Collado et al. (2009 , 2011 ), Figueras et al. (2011 and Levican et al. (2013) . Phylogenetic analyses based on housekeeping genes such as gyrB, rpoB and atpA have been useful for definition of several species of the genus Arcobacter and shown concordance with DNA-DNA hybridization results (Collado et al., 2009 (Collado et al., , 2011 De Smet et al., 2011; Figueras et al., 2011a, b; Levican et al., 2012 Levican et al., , 2013 Levican et al., , 2014 . DNA was extracted from strain SW028 T and purified using a kit (BioDev). The 16S rRNA gene was amplified by PCR using two universal primers, B8F: 59-AGAGTTTGATCCTGGCTCAG-39 and B1510: 59-GGT TTACCTTGTTACGACTT-39. The rpoB gene was amplified using the primers CamrpoB-L (59-CCAATTTATGGATCAAAC-39) and RpoB-R (59-GTTG-CATGTTNGNACCCAT-39), the gyrB gene was amplified with the primers gyrB-Arc-7F (59-GTTTAYCAYTTTGAA-GGTGG-39) and gyrB-Arc-14R (59-CTAGATTTTTCAAC-ATTTAAAAT-39), and the atpA gene was amplified with the primers atpACF (59-GATACAATTCTTAAYCAAAAA-GGTGA-39) and atpACR (59-AAAACTTCWACCATTCT-TTGWCCAA-39) (Collado et al., 2009 (Collado et al., , 2011 Figueras et al., 2011a; Levican et al., 2013) . The PCR product was purified using a TIANgel Midi Purification kit (TIANGEN Biotech), ligated to pUCm-T (TaKaRa) and sequenced at BGI (Qingdao, China). The near-complete 16S rRNA (1427 nt), rpoB (401 nt), gyrB (722 nt) and atpA (621 nt) gene sequences were submitted to GenBank/EMBL. Calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon server (http://eztaxon-e. ezbiocloud.net/; Kim et al., 2012) . Sequences were aligned using CLUSTAL X program (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the neighbourjoining, maximum-likelihood and maximum-parsimony methods (Kimura, 1980) implemented in the program MEGA version 5.0 (Tamura et al., 2011) . In each case, bootstrap values were calculated on the basis of 1000 replicates.
Comparative phylogenetic analysis of the 16S rRNA gene sequence indicated that strain SW028 T showed the highest 16S rRNA gene sequence similarity with A. molluscorum LMG 25693 T (95.50 %), followed by Arcobacter venerupis LMG 26156 T (95.29 %) and A. halophilus CIP 108450 T (94.93 %), and sequence similarities with other members of the genus Arcobacter were in the range of 91.71-94.83 %. The phylogenetic trees reconstructed using neighbour-joining, maximum-likelihood and maximumparsimony methods showed that strain SW028 T formed a tight phylogenetic cluster with members of the genus Arcobacter (Figs 1, S3 and S4) Z. Zhang and others ( Fig. S5 ) showed that strain SW028 T belonged to an independent phylogenetic lineage within the genus Arcobacter.
The relatively low level of 16S rRNA gene sequence similarity to the type strains of recognized species in the genus Arcobacter implied that it may represent a novel species (Stackebrandt & Goebel, 1994) .
The major features of strain SW028 T including the respiratory quinone, the predominant cellular acids, the major polar lipids, the presence of motility and positive results for casein hydrolysis and H 2 S production are significantly in line with those of the reference strains. In addition, the genomic DNA G+C content of strain SW028 T was 27.1 mol%, which falls within the range for members of the genus Arcobacter (24.6-31 mol%) (Sasi Jyothsna et al., 2013) , which suggests classification of strain SW028 T as a member of the genus Arcobacter. However, there were a number of differences in some features between strain SW028 T and the reference strains. For example, strain SW028 T showed a different range of growth with NaCl (Table 1) ; it also contained more C 16 : 0 and less C 16 : 1 v7c than the reference strains in the cellular fatty acid profile (Table 2) ; moreover, the low levels of sequence similarity to the type strains of recognized species in the genus Arcobacter clearly differentiated the new isolate from recognized species of the genus Arcobacter.
On the basis of the phenotypic and phylogenetic data, strain SW028 T represents a novel species within the genus Arcobacter, for which the name Arcobacter pacificus sp. nov. is proposed.
Description of Arcobacter pacificus sp. nov.
Arcobacter pacificus (pa.ci9fi.cus. L. masc. adj. pacificus peaceful, pertaining to the Pacific Ocean).
Cells are Gram-stain-negative, non-encapsulated, nonspore-forming and slightly curved rods, 0.3-0.5 mm wide and 1-3.6 mm long. Motile by means of a single polar flagellum. Colonies on MA incubated under aerobic conditions at 37 uC for 48 h are pale yellow, circular with entire margins, convex and non-swarming. Pigments are not produced. Growth occurs in the presence of 0.5-9 % (w/v) NaCl (optimum 2-4 %). Grows on MA at 0-45 uC (optimum 37 uC) and at pH 7.0-11.0 (optimum pH 10.0). Cells grow well under both aerobic and microaerobic conditions with no significant differences at 30, 37 and 42 uC on MA. Weak growth is obtained in anaerobic conditions at 37 uC and in aerobic conditions at 45 uC. Under aerobic conditions, grows at 37 uC on media containing 64 mg cefoperazone l 21 and media containing 0.5-4.0 % (w/v) NaCl.
No growth is obtained on minimal medium or MacConkey agar. Catalase and gelatinase activity is positive but not oxidase or urease activity. Nitrate reduction and hydrolysis of indoxyl acetate are positive. Starch is degraded but not lecithin or casein. Hydrogen sulfide is not produced in triple-sugar iron agar. In the API 20E/20NE strip, there are positive results for b-galactosidase, arginine dihydrolase, pyruvate utilization, gelatinase and aesculin hydrolysis, and negative results for lysine decarboxylase, ornithine decarboxylase, citrate utilization and H 2 S production. In the API ZYM strip, alkaline phosphatase, esterase (C4), esterase lipase ( Arcobacter cloacae SW28-13 T (HE565360)
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